We study the properties of strange mesons in vacuum and in the hot nuclear medium within unitarized coupled-channel effective theories. We determine transition probabilities, cross sections and scattering lengths for strange mesons. These scattering observables are of fundamental importance for understanding the dynamics of strangeness production and propagation in heavy-ion collisions.
Introduction
Strangeness in hot and dense matter has been matter of intense investigation over the past years in connection with the study of the composition of neutron stars [1] , the properties of exotic atoms [2] , and strangeness production in heavy-ion collisions (HICs) [3] [4] [5] . In particular, understanding the dynamics of light strange mesons, such asK,K * , K or K * mesons, in vacuum and in the nuclear environment is still a challenge for theoretical models.
The production of K andK close to the threshold energy has been thoroughly investigated in HICs at SIS energies [3] [4] [5] [6] [7] . The analysis of experimental data together with microscopic transport approaches have allowed to draw several conclusions regarding the production mechanisms and the freeze-out conditions of strange mesons. Still, a simultaneous description of all observables involvingK production is missing [5] . Also, recent results by the HADES Collaboration on K 0 production have been reported in p + p and p + N b collisions at 3.5 GeV [8, 9] , whereas a deep sub-threshold K * 0 production has been reported in Ar+KCl collisions [10] . The importance of the hadronic interactions has been also realized for the K * 0 production in Au+Au and Cu+Cu at √ s N N =62.4 and 200 GeV collisions by the STAR Collaboration [11] , while attenuation of the K * andK * states in the hadronic phase of the expanding fireball in HICs has been observed by the NA49 Collaboration [12] . Such findings highlight the importance of a reliable determination of the interaction of strange mesons with the surrounding nuclear environment.
In this paper we aim at investigating the properties of strange mesons in vacuum and hot nuclear matter, so as to address the possible consequences for strangeness production and propagation in heavy-ion collisions. In-medium transition probability P at zero total three-momentum of the meson-baryon pair for K − p (left) and K − n (right) elastic reactions. All plots are taken from Ref. [15] .
2.K mesons in hot nuclear matter
Strange pseudoscalar mesons in nuclear matter at finite temperature have been studied within a self-consistent coupled-channel approach based on the SU(3) meson-baryon chiral Lagrangian (see [13, 14] and references therein). Within this approach, theK meson interaction in nuclear matter has been analyzed, finding a shallow attractiveK potential at normal matter density (ρ 0 = 0.17 fm −3 ) and a broad spectral function [13, 14] . Recently we have improved on this model by implementing the unitarization ofKN scattering amplitudes in both s-and p-waves at finite density and temperature [15] . In this manner, we have access to the off-shell in-medium coupled-channel scattering amplitudes. For example, for K − p scattering, the coupled channels comprise
The transition probability for a given reaction, P, is defined as the angular integrated modulus-squared scattering amplitude (including all partial waves, L = 0, 1), averaged over the total angular momentum (S = 1/2, 3/2). The cross section for the process i → j then follows as σ ij = 1 8π
P ij , withq i the center-of-mass three-momentum and M i the baryon mass in channel i. The total cross section for a given reaction is then given by the sum over the partial cross sections for all coupled channels, σ i tot = j σ ij . In Fig. 1 we show the transition probability for the K − p and K − n elastic reactions as a function of the meson-baryon center-of-mass energy at total vanishing three-momentum. The K − p state is an admixture of isospin I = 0, 1 and, therefore, the two Λ resonances and the Σ(1195) show up in the spectrum, as seen in the left panel of Fig. 1 . The K − n reaction is pure I = 1 and consequently only the isovector hyperon excitations are present in the right panel of Fig. 1 . This explains the dramatic difference between the K − p and K − n cross sections in vacuum. In the medium, the structure of the Λ(1405) is washed out at normal matter density. The p-wave ground states experience moderately attractive mass shifts as density is increased, whereas the Σ * (1385) is largely broadened due to the opening of in-medium decay channels such as Σ * → ΛN N −1 , ΣN N −1 . The effect of temperature is particularly appreciable as a broadening of the Λ(1115), Σ(1195) and Σ * (1385) as compared to the vacuum case.
A more quantitative analysis of the transition amplitudes allows us to extract information on the single-particle potentials of Λ(1115), Σ(1195) and Σ * (1385) hyperons at finite momentum, density and temperature [15] . At finite nuclear densities both the Λ and the Σ experience an attractive potential of roughly -50 and -40 MeV, respectively, at normal matter density and zero temperature. Both hyperons acquire a finite decay width, reflecting the probability to be absorbed by the nuclear medium or have quasi-elastic scattering processes at finite density and temperature. The Σ * develops a much smaller attractive potential of about -10 MeV at ρ = ρ 0 and zero temperature, that turns into a small repulsion for increasing densities. Its decay width is notably enhanced at finite density due to the opening of new absorption channels as pions are dressed. The effect of the temperature in this case is moderate due to the important phase space already available at zero temperature. Also, we find that the optical potentials of the Λ, Σ and Σ * have a smooth behavior with momentum [15] .
All the results presented here are complementary to the ones obtained in our previous work [14] , where theK spectral function and nuclear optical potential were provided. Altogether, they allow for a systematic analysis of medium effects in the strangeness -1 sector within transport approaches such as PHSD and IQMD [5] .
KN and K * N interactions in free space
In this section we present a study for KN and K * N using a formalism based on the chiral Lagrangian and the theory of hidden local symmetry (HLS) of Ref. [16] . The amplitudes for vector meson-baryon channels are obtained from the s-, t-, u-channel diagrams and a contact interaction, all derived from Lagrangians based on HLS. The pseudoscalar meson-baryon interactions are calculated by relying on the Weinberg-Tomozawa theorem. The transition amplitudes between the systems consisting of pseudoscalars and vector mesons are computed by extending the Kroll-Ruderman term for pion photoproduction replacing the photon by a vector meson. In addition, the exchange of light hyperon resonances, such as Λ(1405) and Λ(1670) in the u-channel, is included for the KN ↔ KN , K * N ↔ K * N and K * N ↔ KN processes [17] .
With all these ingredients, we construct the s-wave KN and K [17] . It can be seen that there is a good agreement between our results and the partial wave analysis data of Refs. [18] [19] [20] for both isospins. The results for the phase shifts in isospin 0 are more sensitive to the form-factor cutoff than the isospin 1 ones due to a weak KN ↔ K * N amplitude in the isospin 1 case.
Furthermore, we can calculate the scattering lengths, a I,S , at threshold for the KN system in the different isospin sectors I and S = 1/2. We find a [18] to −0.23 ± 0.18 fm [21] , for isospin 0, and between −0.286 ± 0.06 fm to −0.308 ± 0.003 fm [18] , for the isospin 1 case. Thus, we find that our results are compatible with the available data.
With the assurance of a reasonable agreement between our results and the available data on KN , we analyze the K * N channel. We obtain the scattering lengths as well as the cross sections for different isospin-spin sectors. The scattering lengths are: a The results on cross sections and scattering lengths for the KN and K * N systems are, indeed, of special interest for K and K * production in p + p and p + A collisions, as reported by HADES [8] [9] [10] , STAR [11] and NA49 [12] Collaborations.
